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EXECUTIVE SUMMARY 
Sport and recreation is a crucial part of the fabric of Australian life. Sporting and 
recreational activities as well as events help to contribute to the development of strong 
social networks and cohesive communities. They provide opportunities for social 
engagements, which may lead to an increased awareness and acceptance of inherent 
differences between communities and individuals (Department of Sport and Recreation 
2015).  
Although extremely important, providing a community with a large scale recreational 
facility can provide ongoing challenges in regards to health and safety, as well as 
environmental considerations.  This report outlines some of the negative impacts 
associated with the operation of the Champion Lakes Regatta Centre (CLRC) and 
provides strategic action plan (SAP) for a suitable approach to addressing the impacts 
outlined and reducing the risk of recurrence.  
 
A number of water treatment options are outlined for consideration. Through the use of 
a selection matrix, options are weighted in order to propose a system which is most 
attractive for the purposes of salinity reduction and contaminant risk reduction. The 
process which had the highest score on the selection matrix was Reverse Osmosis (RO). 
The process of reverse osmosis is outlined with special consideration given to brackish 
water treatment as this is the classification given to the lake water. Limitations involved 
with this approach include the weighting factors being open to interpretation. 
 
Equations to estimate the pump requirements to overcome the osmotic pressure of a 
solution with similar total dissolved solids (TDS) content to that of the lake water are 
outlined and expected pump requirements are calculated in order to propose a design 
requirement for the implementation of a reverse osmosis system at the rowing course.  
An operational pressure greater than 24 bar is required according to the calculations 
conducted. Design considerations for the treated water quality are outlined; however 
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1. INTRODUCTION  
The Champion Lakes project is a recreational park in the City of Armadale incorporating 
land and water based activities. (Bamford 2003, 1) The lake itself opened in 2007 and 
since that time it has hosted many national rowing and sailing championships (Venues 
West Champion Lakes. 2015) including hosting the 2012 Australian Rowing 
Championships and the center was the training ground for Australia's Olympic rowing 
and kayaking teams for the 2012 London Olympics (CLRC Armadale 2015). Today it 
continues to be an important part of training and competition for Australian athletes. 
Many schools have utilized the facility for a wide range of water and land based 
activities (Armadale. 2011). Prior to the lakes construction the area was predominantly 
cleared land with agricultural uses. A seasonal wetland called Wright Lake was situated 
on the north end of the regatta course. Construction coincided with that of the Tonkin 
Highway extension in order to use the excavated soils for the purpose of embankment 
construction on the highway project. (Gutteridge Haskins and Davey, 2002) 
 
The lake itself covers an area of around 55 hectares and construction costs approached $55 
million (Champion Lakes White Water Park, 1). Ownership of the CLRC moved from the 
since defunct Armadale Redevelopment Authority to VenuesWest on the 6
th
 of January 2012 
(Hansard. 2013). 
 
When VenuesWest took over the management of the regatta centre from the Armadale 
Redevelopment Authority, it commissioned a report from an environmental consulting 
firm, RPS Group and according to the report; a major water quality problem is 
microbiological and the main contributor to bacteria levels found in the lake is animal 
faeces. RPS admitted the regulation of animals that visit the area, particularly water 
birds, is highly impractical and therefore controlling the level of faecal contamination on 
the lake will be challenging.  
 
The regatta centre was closed for swimming 21 times between 2011 and 2012 because 
of unsafe levels of bacteria including thermophilic amoeba and enterococci. (Hansard. 
2013). Water quality remains a concern for VenuesWest and water sampling 
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undertaken on Monday 13 April 2015 at the regatta centre detected elevated levels of 
enterococci which required VenuesWest to close a small part of the lake which was 
affected (VENUES WEST 2015).  
 
Managing the water body presents some challenges for Venues West. The two major 
issues which require attention are the increasing salinity level in the lake and the 
frequent occurrence of bacterial contamination. There have been a number of actions 
taken in recent times to attempt to control water quality, however long term solutions 
need to be implemented to combat increasing salinity levels in the lake and ensure 
future residential development does not have a detrimental effect on water quality. 
According to VenuesWest (2015), a water transfer pipeline was completed in January 
this year to help reduce the impact of “first flush” rainfall during the early stages of 
winter. The pipeline allows for the treatment ponds to be flushed on a more regular 
basis, complementing the usual lake fill process. This illustrates an attempt by Venues 
West to combat environmental impacts associated with runoff from rainfall. 
 
The purpose of this Strategic Action Plan is to provide VenuesWest with an overview of 
potential approaches to combat negative effects associated with the operation of the 
Champion Lakes Regatta Centre (CLRC). Decision making tools such as multi-criteria 
analysis and selection matrices will be incorporated in order to provide an easy to 
understand representation of the processes undertaken to come to any decisions made 
with regards to proposed approaches to remediation. It will be part of an ongoing 
collaboration between Element Hydrographic Solutions (EHS) and the venue. It will be 
attached to an annual report of activities undertaken by EHS and submitted to the 
operators of the CLRC. Conceptual approaches will be outlined with regard to the most 
effective and realistic techniques for combating detrimental elements of lake operation.   
 
The completion of a project such as Champion Lakes required a huge amount of 
planning and although some issues involved in the operation of a man made large scale 
lake may have been foreseen in the infant stages of the project, it has become apparent 
that measures need to be taken to reduce the occurrence and severity of negative 
impacts associated with the operation of such a facility.  
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According to VenuesWest annual reports, the patron numbers for the regatta center 
increased from around 62,000 to just below 84,000 between 2014 and 2015. With 
growth expected to continue as residential buildings increase around the lake, 
measures must be taken to ensure the water conditions are safe for visitors and 
competitors.  
 
Although man-made lakes of this scale exist in different parts of the world, it is 
worthwhile researching approaches to reducing impacts at this specific venue due to 
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1.1 OBJECTIVES  
The primary objectives of the development of the Strategic Action Plan are: 
 
1) Research site history, including measures already in place to combat 
environmental impacts. 
2) Outline major problems associated with lake operation. 
3) Collect relevant samples. 
4) Provide a realistic target for water quality in the lake. 
5) Assess options for remediation. 
6) Select most effective and realistic option from list of proposed techniques. 
7) Develop a conceptual design for environmental remediation. 
8) Construct and test a prototype of the proposed system where applicable.  
 
 
By researching and analyzing the current operational procedures at the regatta center, 
improved approaches, where applicable, will be suggested in a clear and easily followed 
plan for the operators to assess and implement where viable. The research conducted 
may provide external parties with a guide for necessary considerations when designing 
or operating a man-made facility similar to Champion Lakes. The completion of this 
report will serve as an appendix for an annual report submitted by EHS to VenuesWest 
as part of ongoing works. The proposal will serve purely as a possible scenario for 
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2. Background  
2.1 Location 
The regatta center is situated approximately 21km to the southeast of Perth CBD and 
around 4.5km from the Armadale town center.  It is adjacent to Lake Road and the 
Tonkin Highway within the jurisdiction of the City of Armadale. (CHAMPION LAKES 
PUBLIC ENVIRONMENTAL REVIEW, 2003) 
 
According to the Champion Lakes Master Plan, the site covers an area of around 138ha 
which was predominately cleared agricultural land prior to the lake construction. The 
rowing course which is the dominant structure of the site took in a seasonal wetland at 
the Northern end of the site named Wright Lake, and is now approximately 2km long, 
130m wide and around 3.5m deep. There is a rowing return lane and warm-up area 
which takes the total lake area to around 55 hectares. (CHAMPION LAKES PUBLIC 
ENVIRONMENTAL REVIEW, 4-5). To fill the lake initially required almost 3 gigalitres 
(GL) of non-potable water which was taken from the Yarragadee aquifer (Armadale, 

















       
















       
November 2015 Page 7 
 
 








       
November 2015 Page 8 
 
2.2 Past Site Usage 
As outlined previously, the site was used mainly for agricultural purposes. A poultry 
farm, piggeries, orchards and market gardens have historically operated within the site 
and several abandoned landfills are located within and adjacent to the site (Bowman 
Bishaw Gorham, Potential contamination. 2002, 1). The Department of Planning and 
Infrastructure engaged Bowman Bisham Gorham (BBG) to conduct a preliminary 
assessment of the site in 2002 due to their concerns about the past site uses being 
potential sources for contamination.    
 
During the planning stages of the project some of the concerns raised by the EPA 
included negative impact to nearby groundwater quality as well as detrimental impacts 
on surface water quality in Wright Lake and wetland destruction as part of the 
construction process.   
 
2.3 Surrounding Land Uses  
The surrounding land uses encountered during the preliminary assessment conducted in 2002 
have not changed greatly, however residential properties would have drastically increased 
due to local housing construction demand in the area. The surrounding land uses outlined in 
the Champion Lakes regional recreational park preliminary site investigation for potential 
contamination were:  
 Grazing of cattle and sheep.  
 Residential properties.  
 A caravan park.  
 A church and associated primary school. 
 
A large natural gas pipe is located along the western edge of the site as well as large 330 
kilovolt (KV) Western Power transmission lines (Bowman Bishaw Gorham, Potential 
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2.4 Site soil history 
According to the investigations done by BBG (Acid sulphate, 2002), the soils at the northeast 
side of the site which was around the seasonal wetland, Wright Lake at the time were fine to 
medium grained sand, which were of eolian origin and they were  underlain by yellow 
colored sand (Jordan, 1986). Throughout the central western section of the site large areas of 
pale grey and brown clayey sand was encountered. This was interspersed with pockets of 
white to pale grey sands. Clay and sand of the Guildford formation are present in the 
southeast section of the site. A preliminary acid sulphate soil investigation was conducted by 
BBG to assess the presence and characteristics of potential (PASS) and actual acid sulphate 
soils (AASS) within the boundaries of the site. (Bowman Bishaw Gorham, Potential 
contamination. 2002, 5-6)  
The concern prior to construction was due to the fact that although PASS materials are 
relatively benign while in an anaerobic or air free environment, their disturbance 
during excavation or drainage works can lead to serious risks to surrounding 
environments. The conversion of reduced inorganic pyritic sulphides to sulphuric acid 
can result in highly acidic discharges which may affect soils, surface water and 
groundwater. Elevated levels of sulphate and potentially toxic elements such as arsenic 
or aluminium may also be encountered. (Bowman Bishaw Gorham, Acid sulphate. 2002, 
1) 
 
2.5 Hydrogeology  
According to the Water and Rivers Commission (WRC, 1997), regional groundwater on the 
site flows north-northwest at the northern end of the Champion Lakes site and south-
southwest at the southern tip of the site. The highest known groundwater site at the time was 
28m Australian Height Datum (AHD), which is the datum that sets mean sea level as zero 
elevation (BOM). The lowest was at 18m AHD, which ranged from ground level at the 
Wright Lake and the Southern River to approximately 5m below ground level.  
At that time groundwater samples were taken and analysed to assess the nutrient status of the 
groundwater for the purpose of a Public Environmental Review (PER). Fourteen groundwater 
bores were tested for phosphorus, ammonia and nitrogen species, as well as salinity and pH. 
At that time a number of locations returned samples which indicated an elevated risk of the 
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water becoming eutrophic due to the groundwater quality parameters exceeding trigger 
values outlined by the Fresh and Marine Water Quality guide (ANZECC/ARMCANZ, 2000) 
(Bowman Bishaw Gorham, Potential contamination. 2002, 6). 
 
The implications of these results appear to have had no detrimental effect to the 
development of the lake, as construction was commenced shortly after these 
investigations were completed. 
 
2.6 Potential Sources of Contamination  
The areas of potential contamination identified by BBG were grouped into seven categories 
based on historical activities inside the catchment area of the lake. These are as follows:  
 Horticulture  
 Grazing and pasture  
 Piggeries  
 Poultry farm  
 Residences  
 Domestic workshops  
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The table below show the key potential contaminants which may be associated with each 
category of potential contamination.  
 
Table 1: Key potential contaminants 
POTENTIAL SOURCE KEY POTENTIAL 
CONTAMINANTS 
Orchards & Market Gardens Pesticides 
Trace metals 
Nutrients 







Poultry Farm Pesticides 
Trace metals 
Petroleum Hydrocarbons 






Domestic Workshop Trace metals 
Petroleum Hydrocarbons 
Solvents 
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2.7 LAKE CONDITIONS 
Water quality has been a concern from the infant stages of the Champion Lakes Regatta 
center project. There appears to have been major concerns expressed by the Water and 
Rivers Commission (WRC) about the potential for the growth of nuisance and potential 
toxic species. The commission was particularly concerned with the chance of nutrient 
enrichment occurring through bird faeces and storm-water run-off. (Western Australian 
Planning Commission. 2003) 
  
Water quality remains a concern for VenuesWest and water sampling undertaken on 
Monday 13 April 2015 at the regatta center detected elevated levels of enterococci 
which required Venues West to close a small part of the lake which was affected. 
(VENUES WEST MANAGEMENT. 2015) 
 
2.8 EARLY LAKE CONDITIONS 
The creation of the regatta center saw the excavation of around 3,000,000m3 of in-situ 
material within the boundaries of the Champion Lakes site. Surplus fill excavated as 
part of the project was used by Main Roads and contractors as part of the Tonkin 
Highway extension. Investigations from Gutteridge Haskins and Davey (GHD) in 2002 
suggested that at least 25% of soils which were excavated on site would meet the Main 
Roads WA specifications for embankment construction.   
 
The lake was initially filled with water from the Yarragadee Aquifer, which is the 
thickest groundwater source at a shallow depth in the Perth area. Its surface is exposed 
in some regions and falls to a maximum depth of around 800 m south of Perth 
(Davidson 1995). It is therefore shallow enough to be accessible by drilling rigs. It is a 
major confined aquifer, which covers a large area, underlying the Perth region and 
extending toward the north and south within the Perth basin (Davidson 1995). The 
eastern margin runs along the Darling fault, while the western margin is located 
offshore (Crostella & Backhouse 2000). 
  
The most comprehensive source of information on the salinity levels of the Yarragadee 
Aquifer is Davidson (1995). The salinity levels which were summarized by Davidson 
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ranged from 140 mg/L total dissolved solids (TDS) up to over 10,000 mg/L TDS. 
Salinities less than 1,000 mg/L TDS occurred, however they were mostly confined to 
shallow pockets around intake points. According to Davidson, the groundwater became 
increasingly saline away from intake points, with groundwater flow west and with 
increased depth. Other authors such as Playford Cockbain and Low (1976) found 
similar results. A study on the salinity of the Yarragadee Aquifer by Sarah Glasson in 
2011 found salinity levels ranging from 1,000 (NaCl eqv ppm) up to over 50,000 (NaCl 
eqv ppm) (Glasson, 2011, 29) 
According to the final report from the Armadale Redevelopment Authority a feasibility 
study into re-injection of lake water into the Yarragadee aquifer commenced prior to 
the end of 2011 (Armadale Redevelopment Authority Final Report 2011, 6). Research 
conducted by BBG estimated that the top up water required to compensate for 
evaporation would be between 370 and 920 megalitres (ML) per year, depending on the 
adopted pan evaporation factor (Bowman Bishaw Gorham, water requirements, 2002, 
2). 
 
2.9 CURRENT LAKE CONDITIONS 
The water level is maintained using brackish water abstracted from the Yarragadee 
Aquifer and with treated storm-water harvested from urban catchments nearby (RPS. 
2013, 11).  
From graphs produced by EHS it can be seen that the current salinity level of the lake is 
around 6,500 mg/L. This graph is contained in Appendix I 
 
The graph representing the gradual increase of salinity over time between 2008 and 
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2.10 ENVIRONMENTAL ISSUES 
The salinity levels in the lake are another ongoing concern with strategies required to 
combat an increase in salt content. The current Electrical Conductivity (EC) of the lake 
is around 12,000 micro-Siemens per centimeter (μS/cm) (Element Hydrographic 
Solutions. 2015), which makes it unsuitable for human consumption or irrigation.  
 
The current approach to attempt to manage the salinity level in the lake is to pump the 
saline water into the nearby Wungong River during rainfall events. 
The instrumentation involved in regulating this flow was installed by Element 
Hydrographic Solutions (EHS) and has been configured to output a variety of signal 
types to control a large automated pumping system. The pumping system has been 
designed to facilitate maximum possible pumped discharge from the high range salinity 
Rowing Regatta Lake during rainfall events to the nearby natural stream, while 
maintaining a specified combined salinity threshold. 
 
In the initial stages of the Champion Lakes and Wungong River monitoring project, a 
conversion (multiplication) factor of 0.68 was chosen by RPS Aquaterra to convert the 
EC value to mg/L. It was believed that this factor was slightly higher than necessary, and 
would therefore provide a safeguard against pumping excessive amounts of lake water 
into the Wungong and exceeding the 500mg/L guideline stated by the Swan River Trust. 
An environmental problem arises whenever there is a change in the quality or quantity 
of any environmental factor which directly or indirectly affects the health of a system 
and for this reason the Swan River Trust agreed upon a fairly low guideline threshold. A 
water quality guideline is a numerical concentration limit or narrative statement 




A conversion factor of between 0.55 and 0.67 is commonly used throughout Western 
Australia for natural streams to convert EC values to mg/L. Different salts in contained 
in water have a varied ability to conduct electricity. This has to do with differences in 
factors such as size, weight, charge and mobility of ions. This difference is measured as a 
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property known as the specific conductance. Specific conductance is a value which is 
based on the theoretical conductivity of the ions at low concentrations (Rugless, 2015). 
 
Using the conversion factor given above, the lake water would contain total dissolved 
solids TDS of around 10,000 mg/L. According to the Australian Resource Council 
brackish water contains between 500 TDS (mg/L) and 30,000 TDS which is a very 
broad definition, however this would classify the water in CLRC as brackish. Detailed 
chemical analysis could potentially lead to an approval for use with non-lactating stock 
however the recent levels of bacteria present may prevent this from being a reuse 
option (Gbmca. 2015). 
 
The first and most obvious step towards improving lake or reservoir water quality is to 
divert, limit, or treat excessive external loading. (ANZECC/ARMCANZ, 2000, 9) 
Human activities may lead to variations in abiotic factors, which can in turn lead to 
biological changes which are more extreme than those which may occur naturally. 
Human activities may lead to pollution from urban, agricultural or industrial sources 
near the lake. Land clearance and road construction may cause excess runoff into the 
lake, which may lead to the introduction of contaminants. Recreational activities may 
also have a detrimental effect on the water quality, with hydrocarbons from boats being 
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2.11 HEALTH AND SAFETY ISSUES 
Health problems due to the presence of disease causing microorganisms, or pathogens, 
can arise when recreational water is contaminated with faecal matter from humans or 
animals (Ferson et al. 1993). Although exact numbers of infections and illnesses 
associated with recreation water contact are difficult determine due to the mild nature 
of many of the infections, targeted epidemiological studies in other countries have 
shown a number of adverse health conditions, including respiratory and 
gastrointestinal infections, to be associated with faecally contaminated recreational 
water (WHO 2003). 
 
According to the Department of Health WA (2015), water is monitored for bacteria so 
we can: 
 Ensure the water is safe for swimming and recreational activities 
 It helps to classify water bodies and assist in the decision about whether to swim 
in a particular area or not 
 Allows warnings to be issued when bacteria is encountered 
 Assists in the identification of bacterial pollution sources 
 May provide long term bacterial trend information 
 
When fecal coliform bacteria are present in aquatic environments it indicates 
contamination of the water source by the fecal material of animals or man. Fecal matter 
can enter a water source in many different ways and is often difficult to stop without 
structures in place to combat such contaminations. Mammals and birds often discharge 
waste straight into water bodies, which may be difficult to combat depending on the 
nature of the water body. In the case of Champion Lakes, birds and stray animals would 
be the main cause for concern. Behaviors which may contribute to fecal coliform 
contamination include the use of fertilizers containing animal manure during rainy 
periods and other agricultural practices which may cause runoff to wash into drainage 
areas.  Sewage systems may also malfunction resulting in the potential for human waste 
to enter water systems.  
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Although fecal coliform bacteria do not directly cause disease, their presence in high 
enough concentrations suggests and increased risk of disease causing agents being in 
the water. Fecal coliforms provide an indicator that a potential health risk exists for 
individuals exposed to the water source (Water research 2015). 
 
The current testing regime at Champion Lakes involves sampling at various points 
around the lake for the presence of Enterococci, Escherichia Coli, Thermotolerant 
Coliforms, Thermophilic Amoebae and Thermophilic Naegleria. The results can be seen 
in Appendix K – Appendix N. Thermophilic Naegleria has never been encountered 
during testing so it has been omitted.  
 
Enterococci are a sub-group within the fecal streptococcus group; they are 
distinguished by their ability to survive in brackish and saline water. In this respect they 
closely mimic many pathogens. Enterococci are therefore a better indicator of health 
risk in salt water used for recreation. 
 
Escherichia coli, otherwise known as E. coli, is a species of faecal coliform bacteria 
which is specific to human and warm blooded animals faecal material. The EPA 
recommends E. coli and the best indicator of risks to health from contact in recreational 
water (WaterEPA 2015). 
 
Thermophilic Naegleria is a free-living amoeboflagellate in aquation habitats and soil. 
Infection, amoebic meningitis, is acquired by exposure of the higher regions of the nasal 
passage to contaminated water. This occurs most commonly from swimming or diving 
in contaminated water. There had been 4 recorded cases of amoebic meningitis in 
Western Australia prior to 1985. The infection has a very high fatality rate but can be 
prevented by adequate disinfection of water which is used for primary contact 
(Publichealth 2015). 
 
The most frequently experienced adverse health outcome associated with exposure to 
faecally contaminated recreational water may be a form of enteric illness, such as self-
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limiting gastroenteritis, although due to a generally short duration it may not be 




ANZECC Microbiological Guidelines 
For Primary Contact 
The guidelines state that the median bacterial content in samples collected should not 
exceed: 
 150 faecal coliform organisms/100 mL  
 35 enterococci organisms/100 mL  
Pathogenic free-living protozoans should be absent from bodies of fresh water.  
 
Secondary Contact 
The median bacterial content in samples collected should not exceed: 
 1000 faecal coliform organisms/100 mL  
 230 enterococci organisms/100 mL  
(ANZECC/ARMCANZ, 2000, 5-4) 
 
Primary contact refers to contact activities such as swimming, bathing and other direct 
water contact purposes such as recreational activities.  
 
Secondary contact refers to water use for activities where there is little or no physical 
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2.12 CURRENT APPROACHES TO REDUCE RISKS OF 
DETRIMENTAL IMPACTS ASSOCIATED WITH LAKE 
OPERATION 
In order to maintain an optimal water level in the lake it is required that some water is 
added to the lake in the drier months of the year and water is drained during the wet 
months from June to October. The current approach to maintain water levels in the lake 
is to pump the water into the nearby Wungong River, which is an ephemeral stream 
with flow generally only originating after significant local rainfall. The expected salinity 
level of the Wungong River is between 50 mg/L and 500mg/L; however the rowing lake 
can reach salinity levels over 6800 mg/L as recorded in the middle part of 2015.  The 
Swan River Trust dictated that the salinity levels in the Wungong River were not to 
exceed 500 mg/L, which means that any pumping done from the lake into the river 
must be done during periods of medium to high natural stream flows to prevent saline 
contamination of the river.  
 
Weekly samples were taken from the river during the months of high flow between June 
and October. These samples are taken to MPL Laboratories in Myaree for analysis. The 
parameters which are tested are shown in table 2. 
 
Table 2: Water quality guidelines (Downstream of discharge in Wungong River) 
Parameter Downstream Water Quality Guideline 
Aluminium 0.55mg/L 
Boron 0.37mg/L 
Cadium* (0.0002mg/L) 0.00045* mg/L 
Chromium (III)* (0.003mg/L) 0.007* mg/L 
Chromium (VI) 0.001mg/L 
Copper* (0.0014mg/L) 0.003* mg/L 
Zinc* (0.008mg/L) 0.017* mg/L 
pH 6.5-8.5 pH units 




Total Nitrogen 1.0mg/L 
Salinity 500mg/L TDS 
*HMTVs (Hardness Modified Trigger Values) 
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(RPS 2013, 4-5) 
 
During the 2014 pumping period, a total of 12,782 cubic meters of lake water was 
pumped into the Wungong River at variable rates controlled by the automated pump 
system (Rugless, 2014, 14) 
 
 
3. DESCRIPTION OF RESEARCH DESIGN (METHODS) 
Literature in the form of annual reports, documents outlining testing regimes and 
parameters, as well as best practices has been reviewed with the goal of gathering a 
greater understanding of the current operational procedures and the issues involved in 
running the Champion Lakes facility. From this research, issues involving health and 
safety, as well as environmental impacts, have been addressed and approaches to 
reduce or remove the threat of detrimental impacts have been described.  
 
Site history was researched to assist in the production of a conceptual site model. An 
understanding of prior conditions may help provide an insight into the reasons behind 
construction in the chosen location. Previous contamination sources were outlined and 
considerations of the planning team were addressed.  
 
Soil data has been reviewed in order to gather an understanding of potential impacts 
associated with water infiltration from the surrounding land. Past use of the site has 
been researched to ensure an adequate understanding of the area in which the regatta 
center is located. 
 
Groundwater data has been reviewed, especially that of the Yarragadee aquifer as this is 
the source used to fill the lake initially and continues to be the source water for top up 
purposes. This will assist in understanding the early conditions of the lake and 
providing a reasonable target for water quality after remediation, as it is unlikely that 
water quality will be improved beyond the initial conditions. 
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Data from early lake conditions provided a starting point to show the evolution of the 
lake through to the current lake conditions. This provided a representation of the 
increase in salinity and formed the main argument for treatment to ensure conditions 
didn’t continue to deteriorate.  
 
Environmental issues involved in lake operation and construction were addressed and 
work previously undertaken to reduce impacts was outlined to ensure approaches 
which were already in place were not suggested as part of this project. 
 
Health and safety issues associated with a large man-made lake were researched, as this 
is a major concern to a company which is responsible for ensuring the safety of large 
numbers of individuals who use the centre for recreation and competition. Again, 
systems already in place were researched in order to ensure suggestions did not 
overlap current practices.  
 
After gathering an understanding of the issues surrounding lake use and current lake 
conditions, a remediation target was set. Constraints were considered to ensure this 
target was realistic and achievable for the operators of the CLRC.  
 
Approaches to remediation were outlined to provide individuals with an understanding 
of treatment options considered when researching an approach to remediation. Options 
were briefly outlined with their ability to mitigate issues involved in lake operation 
explained.  
 
Option selection refined the approaches to remediation by ensuring the systems were 
realistic and relevant for the centre. A multi-criteria assessment (MCA) was used to 
provide a simple representation of weightings and importance of each factor when 
selecting an approach to remediation. This was an approach to ensure the most suitable 
option was selected and developed further.  
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Conclusion and recommendations provided an opinion on why impacts needed to be 
addressed and how the systems should be implemented to ensure the operation of the 
regatta centre adhered to suggestions outlined in this report.  
 
 
4. LITERATURE REVIEW 
4.1 APPROACHES TO REMEDIATION 
Remediation approaches have been put into two categories; Approaches to minimize 
the threat of impacts to the environment, principally chemical concerns in the form of 
increasing salinity levels in the lake and approaches to reduce the risk of negative 
effects to the health and safety of individuals using the facility, with regards to biological 
threats i.e. bacterial contamination. Often treatment options may combat both the 
environmental issues as well as health and safety issues because of the treatment 
process involved. This will be addressed where applicable. 
 
The main concern with the current condition of the lake is the increasing salinity level. 
It must be noted that there are often environmental impacts associated with the 
operation of systems implemented. These impacts must be addressed and if the 
byproducts of an operation are more environmentally harmful then they will be 
removed from consideration. The remediation techniques researched to address the 
environmental impacts of the operation of the lake, in no particular order, are: 
1. Phase change processes for desalination; 
2. Non-phase change processes for desalination; 
3. Hybrid processes which involve a phase change and a non-phase change 
technique for the purpose of desalination; 
4. Physical alterations to reduce salinity. 
 
Desalination is a form of water treatment with the desired result being a reduction of 
salts or other dissolved minerals and contaminants present in the water after 
treatment. There are a large number of techniques which can be applied for the 
desalination process. Some potential options are reviewed as follows. 
 
       






Characteristic Type of process   
 Phase change Non-phase change Hybrid 
Nature Thermal process: 













Membrane pore size - 0.1-3.5nm 0.2-0.6m 
Feed temperature 60-1200C <450C 40-800C 
Cold water stream May be required - 20-250C 
















Form of energy Steam, low-grade 




Requires prime quality 
mechanical/electrical 
energy derived from 






Product quality High quality 
distillate with TDS 
<20ppm 
Potable water quality 
TDS <500ppm 
High quality 
distillate with TDS 
20-500ppm 
 
Figure 3: Principal characteristics of different desalination processes. 
(Gude et al. 2009) 
 
Phase change processes would involve heating the brackish water from the lake to 
boiling point to produce steam which is then condensed in a condenser unit to produce 
fresh water. Examples of phase change processes are:  
 Distillation  
 Compression  
 
Distillation  
Distillation for the purpose of desalination refers to a phase separation process 
whereby saline or brackish water is heated to produce vapor, which is condensed to 
produce potable water. The general principle of the various distillation processes 
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involves the reduction of the vapor pressure of water within the unit to allow boiling to 
occur at a reduced temperature, without the use of additional heat. Current designs of 
distillation units favor the conservation of thermal energy by interchanging the heat of 
condensation and the heat of vaporization within the units. The major energy 
requirement for the distillation process comes from providing the heat of vaporization 
to the feed stream (OAS 2015). 
 
 
Figure 4: Basic distillation process. 
(Perlman 2015) 
Examples of distillation processes for desalination include:  
 
Solar distillation (SD) 
Solar distillation is a very simple technique, essentially solar distillation attempts to 
mimic the natural water cycle, energy from the sun heats the water inside the system 
and as the water evaporates it condenses as it hits a cooler surface. The condensate is 
then captured and recycled into the lake.  
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Figure 5: A basic solar distillation overview 





Vacuum membrane distillation (VMD) 
Vacuum membrane distillation systems involve the use of a membrane-based 
separation process which is capable of extracting low concentrations of volatile organic 
compounds (VOCs) from aqueous solutions by partial vaporization through a polymeric 
membrane. The membranes serve as a selective barrier between the feed stream and 
the vaporized permeate. Design of the membrane will ensure only desired constituents 
will be transferred through it (petrosep) 
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Figure 6: Simplified vacuum membrane distillation process 
(Chiam and Rosalam, 2013) 
 
 
Multi-stage flash distillation (MSF) 
The process of Multi-stage flash distillation is carried out in a pressurized vessel which 
is divided into multiple sections which have decreasing temperatures and pressures. 
The sections have coils with feed water pumped through them. The coils serve dual 
purposes, to condense the steam produced by the flash evaporation process and to 
preheat the feed water to just below the required temperature for distillation.  
The feed water is then passed through an inline steam heater, taking it up to 
temperatures between 70°C and 100°C; it is now considered brine. The brine now 
passes into the different stages and due to temperature differences between the brine 
and the sections, some of the liquid flashes to steam. The steam is then condensed by 
the feed water coils and is collected to be re-used (Scott 2011). 
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Figure 7: Multi-stage flash distillation example 
(Scott 2011) 
 
Multi-effect distillation (MED) 
This process is very similar to MSF however a lower temperature is used with a lower 
pressure to reduce the boiling point of the water.  
 
 
Table 3: Water boiling point table 
 
(Veolia Water Technologies, 2014) 
 
 
Figure 8: Basic Multi effects distiller example 
Pressure 1bar 0.47bar 0.32bar (Top of Mt Everest) 0.25bar 0.1bar
Boiling Point 100⁰C 80⁰C 70⁰C 65⁰C 45⁰C
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(Trade Korea 2015) 
 
Compression 
Essentially compression in regards to water treatment refers to a distillation process in 
which evaporation is obtained by the application of heat delivered by compressed 
vapor. Compressing vapor increases both the pressure and temperature. 
Examples of compression processes for desalination include: 
 
Mechanical vapor compression (MVC) 
According to Aquaswiss Mechanical Vapor Compression (MVC) distillation is the most 
thermodynamically efficient process of single-purpose thermal desalination. The 
efficiency is due to the use of a heat pump, which employs a reversed refrigeration type 
cycle used in air conditioners. It continuously recycles and exchanges latent heat in the 
evaporation and condensation processes. The thermal energy required to evaporate 
part of the feed stream, which flows on one side of the heat transfer surface, is 
generated through the condensation of the distillate simultaneously on the opposite 
side of the heat transfer surface. The evaporation and condensation cycle operates 
continuously (Aquaswiss 2015). 
 
 
Figure 9: The mechanical vapor compression process 
(Dedert Corporation 2015) 
       




Thermal vapor compression (TVC) 
The thermal vapor compression process involves spraying feed water onto tube 
bundles, which are heated internally by condensing steam. Through the transport of 
heat from the tubes, part of the solution on the outside surface is evaporated. The 
resulting steam is used to provide the thermal energy for the next stage or effect, where 
it again condenses on the inside of the tube bundle. A compressor, which is powered by 
low or medium pressure steam, extracts part of the steam created in the final stage for 
further compression for the purpose of providing the thermal energy for the first stage 
of the process (Wabag 2015).  
 
 
Figure 10: Thermal vapor compression example 
(El-Dessouky and Ettouney, 1999) 
 
Non-phase change processes would involve separating unwanted constituents from 
the lake water through the use of mechanical, chemical or electrical means using some 
form of barrier between the feed water and the product (fresh water), generally a 
membrane. Examples of non-phase change processes are: 
 Reverse osmosis. 
 Electrodialysis 
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Reverse osmosis (RO)  
Reverse osmosis is a water treatment technology which incorporates the use of 
membranes for separation. Osmosis is the spontaneous movement of solvent molecules 
from an area of low concentration to an area of higher concentration through a semi-
permeable membrane. If excess pressure is applied to the area of higher concentration 
of solvent molecules the process can be reversed. This is the principle process involved 





The two processes can be seen in the figure below.  
 
Figure 11: The reverse osmosis principle 
(Graham 2015) 
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Figure 12: Single stage reverse osmosis system example 




Electrodialysis is based on the electromigration of ions through membranes which 
allow the passage of positive and negative ions. Electrodialysis utilizes direct current to 
remove the salt ions in the feed solution by passing it between pairs of cation and anion 
membranes, which only allow the transfer of positive ions in the case of cation 
membranes and negative ions in the case of the anion membranes. The three main 
operational modes for ED plants are; batch processes, semi batch and continuous 
processes. The requirements for the user would dictate which operational mode was 





Hybrid processes, would involve a phase change and separation techniques used in 
conjunction. Examples include:  
 Membrane distillation (MD); reverse osmosis combined with MSF or MED 
processes. 
 
The processes have been described above. 
 
A hybrid process will not be considered for the purpose of this study as the combination 
of two or more processes would be too expensive for the purpose of CLRC. Hybrid 
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processes are generally extremely large scale for the desalination of seawater. Countries 
such as Saudi Arabia have adopted hybrid schemes for the production of fresh water.    
 
Physical alterations to reduce salinity 
A physical alteration for the management of salinity may involve increasing outflows to 
transport salt. This may be in the form of trucking the water offsite, piping the water 
offsite, deep well injection, discharging water into surrounding aquifers or 
incorporating discharge into storm-water management systems. 
 
 
Health and safety concerns have been outlined previously in this report. 
The techniques to reduce the risk of negative health and safety impacts associated with 
usage of the facilities are mostly forms of disinfection. In no particular order examples 
include: 
1. Chemical treatments 
2. Physical treatments 
3. Biological treatments 
 
Chemical treatments include: 
 Chlorination;  
 Ozonation; 
 Chlorine dioxide use. 
 
Chlorination  
Chlorine is used as a disinfectant, to kill harmful micro-organisms that may be present 
in water sources; it may also prevent micro-organism re-growing in the distribution 
systems (Hunter 2015). Chlorine kills pathogens such as bacteria and viruses by 
breaking the chemical bonds in their molecules (Lenntech disinfection 2015). 
 
When chlorine is added to water, hyperchloric acids form: 
Cl2 + H2O  HOCl + H+ + Cl- 
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Depending on the pH value, hyperchloric acid partly expires to hypochlorite ions: 
Cl2 + 2H2O  HOCl + H3O + Cl- 
HOCl + H2O  H3O+ + OCl- 
 
This falls apart to chlorine and oxygen atoms: 
OCl-  Cl- + O 
(Lenntech disinfection 2015). 
Some factors which determine the effectiveness of chlorine disinfection include: 
 Chlorine concentrations  
 Contact time 
 Temperature  
 pH  
 Number and types of microorganisms  
 Concentrations of organic matter in the water. 
(Lenntech disinfection 2015). 
 
Ozonation  
Ozone is produced through the dissociation of oxygen molecules into oxygen atoms by 
an energy source which allows for collisions that result in the formation of ozone (O3). 
Most treatment facilities which incorporate the use of ozone generate it onsite due to its 
unstable nature and the fact it decomposes to elemental oxygen shortly after 
generation. The favored generation technique for the production of ozone is to impose a 
high voltage alternating current (between 6 and 20 KV) across a dielectric discharge 
gap containing oxygen gas (Wastewater Technology Fact Sheet Ozone Disinfection 
1999, 1) 
 
When ozone decomposes in water, free radicals in the form of hydroxyl (OH) and 
hydrogen peroxy (HO2) are formed. These free radicals have excellent oxidizing 
capacities and play an active role in disinfection. Although difficult to prove, it is 
believed that bacteria destruction is caused by protoplasmic oxidation resulting in the 
disintegration of the bacteria’s cell wall, this is known as cell lysis.  
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The factors affecting the level of disinfection include: 
 Susceptibility of the organisms targeted  
 Contact time  
 Ozone concentration 
 




Chlorine dioxide use 
Chlorine dioxide is a powerful oxidizing agent and disinfectant which is generated from 
sodium chlorite. As a bactericide it is said to be equal or superior to chlorine on a mass 
dosage basis.  
 
Chlorine dioxide disinfects through the process of oxidation. It is the only biocide that is 
a molecular free radical. Chlorine dioxide reacts with substances which give off an 
electron. Cellular processes in bacteria are interrupted upon contact with chlorine 
dioxide. It is not clear if chlorine dioxide attacks the cell structure or the acids within 
the cell, however when the bacteria is destroyed their cell walls are penetrated by 
chlorine dioxide. The elimination of a virus occurs in a different fashion, chlorine 
dioxide kills viruses by preventing protein formation (Lenntech chlorine dioxide 2015). 
  
 
Physical treatments include:  
 Ultraviolet (UV) disinfection; 
 Microfiltration. 
 
Ultraviolet (UV) disinfection 
Ultraviolet disinfection is a physical process in which microorganisms are neutralized 
as the pass by an ultraviolet lamp which is submerged in the feed water.  A UV 
disinfection system transfers electromagnetic energy to an organism’s genetic material. 
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The UV radiation penetrates an organism’s cell wall and destroys its ability to 
reproduce.  
Because the process does not add any chemicals to the feed water, there is no impact on 
the dissolved oxygen content or the chemical composition of the water (Trojanuv 
2015). 
 
The effectiveness of a UV disinfection system depends on factors such as: 
 Characteristics of the feed water 
 UV intensity 
 Contact time 
 System configuration 
 
 





Microfiltration refers to the use of membranes with a pore size of 0.1 to 10 micrometers 
(µm) (Lenntech microfiltration 2015). The membranes used in microfiltration are 
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designed to prevent sediment particles as well as algae and large bacteria from passing 




Figure 14: Microfiltration principle 
(BWT Group 2015) 
 
 
Biological treatments include: 
 Detention lagoons 
 
Detention lagoons 
Detention lagoons allow for natural disinfection to take place before discharging treated 
water. A storage period of around 30 days is taken to allow for natural disinfection, 
through sunlight and/or microbial die-off.    
 
Natural disinfection processes can be affected by a number of factors such as the: 
 Turbidity of the wastewater, as it has a negative effect on sunlight penetration; 
 The amount of suspended matter in the water, as viruses and bacteria may be 
protected from the rays of the sun by being absorbed into surface pores;  
 Ineffectiveness of sunlight in water with a high salt content compared with 
freshwater. 
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Other factors which may affect the natural disinfection process include temperature, 
























       




5.1 OPTION SELECTION 
The options outlined previously were assessed using a multi-criteria assessment which 
was explained by Dodson et al. (2009). A selection matrix was developed for the options 
proposed; this is shown below in Table 5. Weighting factors were considered and the 
weighted scores were multiplied by these factors in order to get a total score. An 
explanation of each factor can be seen in Table 4. The total score was calculated by the 
sum of the stakeholder weightings being multiplied by the weighting factor for the 
specific process and consideration. For example, solar distillation’s capital costs would 
be calculated by multiplying the sum of the stakeholder weightings (2+2+2+9=15) by 
the weighting factor assigned to capital cost which is 5. This would give a value of 75. 
The limitation with this method is that the weighting factors, performance and 
suitability of each system are open to interpretation. For the purpose of this report 
figures have been inputted in order to get a result, however there may be a large degree 
of discrepancy between individuals. 
 
The stakeholders considered for the purpose of this report were: 
 CLRC staff 
 Nearby residence  
 Competitors at CLRC 










       





Table 4 Weighting factors and explanations 
Weighting factor Explanation  Rating 
Reduces lake salinity 
 
The ability of this process to reduce 
the lakes salinity levels 
High score = Effective at 
reducing salinity. 
Low score = Ineffective. 
Reduces likelihood of 
health and safety 
issues 
The ability of this process to reduce the 
likelihood of health and safety issues, 
which have previously been outline, 
associated with usage of the lake.  
High score = Effective at 
reducing health and 
safety issues. 
Low score = Ineffective. 
Capital cost  
 
The initial cost of implementation High score = Low capital 
cost. 
Low score = High capital 
cost. 
Maintenance levels The ongoing maintenance levels to 
ensure the process continues to run in 
an effective manner 
High score = Low 
maintenance levels. 
Low score = High 
maintenance levels. 
Sensory impact  Impact on the CLRC user with regards 
to their senses. This may include noise, 
visual disturbance, odours produced, 
aesthetic impact. 
High score = Small 
impact. 
Low score = Large 
impact. 
Technical suitability Practicality of the process for the 
intended purpose at CLRC 
High score = Very 
suitable. 
Low score = Unsuitable. 
O & M costs Operational and maintenance costs 
involved with running the system. 
High score = Low O & M 
costs. 
Low score = High costs. 
Energy required  
 
The energy required to operate the 
system 
High score = Low 
energy requirements. 
Low score = High 
energy requirements. 
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Site suitability  
 
Ability to implement the system with 
site restraints such as location 
High score = Very 
suitable. 
Low score = Not 
suitable. 
Operational health 
and safety risks 
The health and safety risks and dangers 
associated with the process 
High score = Low risk. 
Low score = High risk. 
Implementation time 
 
Time taken to implement the system High score = Quick to 
implement. 




The impact of the system on the 
surrounding geology and hydrogeology 
High score = Low 
impact. 




The extent of damage or concern 
associated with the disposal of by-
products encountered from the 
operation of this system 
High score = Low level 
of concern. 
Low score = High level 
of concern. 
Cost of by-product 
disposal 
Financial impact due to the disposal of 
the by-product 
High score = Low cost of 
disposal.  
Low score = High cost of 
disposal.  
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Table 5 Selection matrix
Rating
1 = Little to no
value
5 = Moderate value






























































































































































CLRC staff 6 9 2 9 9 9 2 2 7 9 6 5 7 3
Nearby residence 3 7 2 4 9 2 2 2 7 7 8 4 6 3
Competitors at CLRC 7 9 2 2 9 5 2 2 7 7 8 4 3 3
VenuesWest 7 9 9 9 9 9 9 9 8 9 9 8 8 9
Phase change processes
solar distillation (SD) 4 7 5 5 4 3 7 7 4 7 5 4 5 4 1725
Vacuum membrane distillation (VMD) 6 6 4 4 5 5 4 4 5 4 6 6 4 4 1676
Multi-stage flash distillation (MSF) 7 7 3 3 5 3 3 3 4 4 6 6 4 4 1585
Multi-effect distillation (MED) 7 7 3 3 5 4 3 3 4 4 6 6 4 4 1610
Mechanical vapor compression (MVC) 7 7 3 3 5 4 3 3 4 4 6 6 4 4 1610
Thermal vapor compression (TVC) 7 7 3 3 5 4 3 3 4 4 6 6 4 4 1610
Non-phase change processes
Reverse osmosis (RO) 9 9 6 5 5 7 6 6 7 6 8 8 4 4 2237
Electrodialysis (ED) 7 6 5 4 5 4 5 6 4 4 5 6 4 4 1674
Hybrid process 9 9 4 4 5 4 4 5 4 4 4 5 4 4 1725
Physical alterations
Trucking water offsite 6 2 7 3 3 3 3 3 3 4 9 8 8 8 1654
Piping water offsite 6 2 3 3 4 3 3 3 3 5 3 3 8 8 1371
Deep well injection 6 2 5 4 3 4 4 5 4 5 3 3 8 8 1488
Discharging into surrounding aquifers 6 2 5 5 3 6 5 5 5 5 4 3 8 8 1637
Incorporating into storm-water discharge 6 2 7 5 6 6 5 6 6 6 7 6 8 8 2007
Chemical treatments
Chlorination 1 8 8 6 2 6 6 9 7 4 8 4 6 6 1921
Ozonation 1 7 6 3 2 6 6 9 7 4 8 4 6 6 1785
Chlorine dioxide 1 9 6 3 2 6 6 9 7 4 8 4 6 6 1853
Physical treatments
UV disinfection 1 8 5 5 5 5 7 5 5 4 6 8 9 5 1908
Microfiltration 1 6 3 4 5 5 5 4 5 5 5 5 7 5 1631
Biological treatments
Detention lagoons 1 8 4 5 2 4 4 6 3 6 4 4 4 4 1452
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From the options proposed previously, Reverse Osmosis (RO) received the 
highest score (2237 points).  The phase change processes, non-phase change 
processes and physical alterations sections are mainly concerned with chemical 
water quality improvement and the chemical treatment, physical treatment and 
biological treatment sections are concerned with biological water quality 
improvements. 
 
5.2 PROCESS DESCRIPTION 
Reverse osmosis is a process which is used throughout the world for 
desalination purposes. It is capable of rejecting almost all organic or dissolved 
matter from an aqueous solution, while producing a permeate stream which 
consists almost entirely of pure water. RO is based on a property of certain 
polymers called semi permeability. While they are extremely permeable for 
water, their overall permeability for a large number of dissolved substances is 
low. By applying a pressure difference across the semi permeable membrane the 
water contained in the feed is pushed through while the unwanted constituents 
remain. The pressure exerted must be greater than the osmotic pressure of the 
feed solution.  
 
The general configuration of an RO plant involves the use of some form of pre-
treatment for the feed stream, generally in brackish water desalination wells as 
used to abstract feed water, however this may not necessarily be the case for the 
purposes required at champion lakes. Pre-treatment includes all activities 
conducted to adjust the feed solution until it is suitable for the reverse osmosis 
module of the system (18th IDA Worldwide Desalting Plants Inventory, 2004). 
Generally particulate matter is removed and chemical may be added to reduce 
scaling and fouling. After pre-treatment a pump is involved to transport the 
treated water. The pump system must be capable of overcoming the height 
differences in the distribution chain and to apply necessary pressure to the feed 
solution (Desalination markets 2005–2015, 2005). Depending on the membrane 
used and the water quality of the feed, a salt rejection value of 98-99.5% is 
obtainable (Wilf, 2004). An energy recovery system may also be in place to 
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transfer potential energy from the concentrate to the feed. Work exchanger 
energy recovery systems currently operate with efficiencies up to 96% 
(Liberman B. 2015). Some form of control system would be in place to ensure 
continuous and reliable production. 
For the purposes of CLRC it is unlikely there would be extensive post treatment 
required. This step is generally involved in treating water to drinking quality and 
this is not necessary for champion lakes. 
 
A simplified Reverse Osmosis system may resemble that in figure 17 below.  
 
 
Figure 15: Simplified RO system 
(Frizmann et al 2007) 
 
According to Abdallah et al. (2005), brackish water RO plants have recovery 
rates with around 90% recovery. Water desalination using reverse osmosis has 
proven to be the lowest energy consuming technique when compared to other 
desalination processes according to many studies (Abdallah et al. 2005). For the 
purpose of brackish water desalination it is the more appealing than thermal 
desalination processes because of its lower energy consumption at low salt 
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concentration (Desalination markets 2005–2015, 2005). In Australia, where 
energy costs are high this makes RO a more financially viable option.  
 
The energy required for reverse osmosis is around half that required for thermal 
processes. Other advantages of reverse osmosis systems for desalination in 
remote areas include their ease of operation, modularity of units, small size and 
limited environmental impacts (Ahmad et al, 2002). 
 
Further advantages of reverse osmosis systems include low investment costs at 
low capacities, operation at ambient temperature and short construction 
periods. Reverse osmosis is very flexible in the water quantity and quality, the 
site location and the start-up and shut-off (Adballah et al, 1998). 
 
Calculations which are used for design purposes of an RO plant include gathering 
the osmotic pressure of a solution which will provide an indication of the 
expected operational pressure required for the reverse osmosis system to 
operate effectively. Lenntech have an online osmotic pressure calculator which 
can quickly calculate the TDS, total molality, molar mass, osmotic pressure and 
provide an indication of operational pressure.  
 
 
The theoretical formula to calculate the osmotic pressure can be seen in 
Equation (1) below.  
 
𝜋 = 𝑖 ∗∅ ∗ 𝑅 ∗ 𝑇 (1) 
 
Where: 
π= osmotic pressure 
i= number of ions produced during dissociation of solute (also known as the 
Van’t Hoff factor) 
∅= osmotic coefficient (unitless)  
R= universal gas constant, 0.083145 L*bar/moles*K 
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T= absolute temperature, K 
 
The theoretical formula is adapted to operational conditions by membrane 
manufacturers. Dow/Filmtec uses the following formula to calculate osmotic 
pressure; this forms Equation (2) 
 
𝜋 = 1.12 ∗ (273 + 𝑇) ∗ ∑𝑚𝑓 (2) 
Where:  
∑mf = the sum of molality concentration of all constituents in a solution (moles 






   (3) 
 
 
In this instance the temperature (T) is in degrees Celsius (oC) 
 
The obtained osmotic pressure is in pounds per square inch (psi). To convert the 
pressure to bar a conversion factor of 1 psi = 6.8948*10-2 is applied. 
 
A brackish water example is provided on the Lenntech website. The table is 
shown below.  
Table 6 Brackish water output example 
Element Concentration unit 
Ammonium (NH4+) 0.05 mg/L 
Potassium (K+) 3.3 mg/L 
Sodium (Na+) 36 mg/L 
Magnesium (Mg2+) 6 mg/L 
Calcium (Ca2+) 84 mg/L 
Strontium (Sr2+) 0.7 mg/L 
Barium (Ba2+) 0.07 mg/L 
bicarbonate (HCO3
-) 265 mg/L 
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Nitrate (NO3
-) 4.3 mg/L 
Chloride (Cl-) 45 mg/L 
Fluoride (F-) 0.14 mg/L 
Sulfate (SO4
2-) 24 mg/L 
Silica (SiO2) 9 mg/L 
Temperature 12 ⁰C 
Outputs     
TDS 477.56 mg/L 
Total molality (mol/kg) 10.041   
Total molar mass (g/mol) 735.15   
Osmotic pressure (bar) 0.22098   
Indicated operational pressure 0.74911   
 
For this example the expected operational pressure is around 0.75 bars. 
 
When a TDS value of 10,000 is inputted into the calculator, the outputs are as 
follows: 
Table 7 TDS 10,000 output example 
Element Concentration unit 
Sodium (Na+) 3933.9 mg/L 
Chloride (Cl-) 6066.1 mg/L 
Temperature 20 ⁰C 
Outputs     
TDS 10,000 mg/L 
Total molality (mol/kg) 342.23   
Total molar mass (g/mol) 58.44   
Osmotic pressure (bar) 7.7433   
Indicated operational pressure 24.391   
 
The calculations are made using one membrane which has a production value of 
0.2m3/h or 200L/h. The membrane used for brackish water calculations is the 
BW 30-4040 which produced by Dow/Filmtec (Lenntech calculators 2015). 
These membranes have a nominal surface area of 78 ft2 or 7.2 m2. 
       
November 2015 Page 45 
 
 
From table 7 an estimated operational pressure can be seen to be just over 24 
bars. This is a reasonably high value; however it is not unexpected with such a 
high level of TDS. 
 
Local companies such as Aquatek, would analyze the lake water and input the 
values into their own equations specific to the membranes used. A system 
specific to CLRC would be designed after water quality was assessed. For the 
purpose of this report it was not possible to have lake samples analyzed, as this 
would be a large expense for a feasibility study.  
 
Companies such as Advanced Watertek which is located in Myaree offer 
containerized brackish water RO systems, capable of processing 400m3/day, 
which would be easy to implement on site a CLRC. They have achieved over 800 
installations world-wide and would easily be able to provide the regatta center 
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5.3 REMEDIATION TARGET 
The target for water quality and environmental impact must be realistic and 
manageable from an operational point of view. Pristine water conditions may not 
realistic as the lake may continue to be filled from a source with a high salt 
content. Without a treatment system in place the salinity of the lake is going to 
increase as flushing of the lake is unlikely and evaporation will ensure lake levels 
with drop while the salt content will remain the same, thus increasing the 
salinity of the water.  Provided the reverse osmosis systems was incorporated 
into the lake top up procedure, fresh water could be produced and used to fill the 
lake during the drier months when evaporation is high. This would allow for a 
reduction in salt content being input into the system.  
 
To arrive at a specific value for water quality is difficult as calculations would 
have to be done after a reverse osmosis system was installed and operational. 
This is due to the many variables involved in such a process. The membrane 
efficiency, water quality and design configuration are just a small number of 
constituents of the process which may have an effect of the quality of water 
produced. Below are equations which can provide an indication of performance 
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Equations for RO individual element performance are shown below in Figure 16. 
Item  Equation  
Permeate flow Qi = Ai π’iSE(TCF)(FF)(Pfi - ∆Pfci/2 – Ppi – π’ + 
πpi) 
Average concentration-side osmotic pressure  π’ = πfi(Cfci/Cfi)(pfi) 
Average permeate-side osmotic pressure  π’pi = πfi(1-Ri) 
Ratio: arithmetic average concentrate-side to 
feed concentration for Element i 
Cfci/Cfi = ½(1+Cci/Cfi) 
Ratio: concentrate to feed concentration for 
Element i 
Cci/Cfi = 1-Yi(1-Ri)/(1-Yi) 
Feed water osmotic pressure πf = 1.12(273 +T )∑mj 
Temperature correction factor for RO and NF 
membrane 
TCF = EXP[2640(1/298 – 1/273+T)]; T ≥ 25oC 
 
TCF = EXP[3020(1/298 – 1/273+T)]; T ≤ 25oC 
Concentration polarization factor for 
FILMTEC 8-inch elements 
pfi = EXP[0.7Yi] 
System recovery Y = 1-[(1-Y1)(1-Y2)…(1-Yn)]= 1- ∏ (1 − 𝑌𝑖)𝑛𝑖=1  
Permeate concentration Cpj = B(Cfcj)(pfi)(TCF)SE/Qi 
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Equations for average system performance are shown in figure 17 below. 
Item  Equation  
Total permeate flow Q = NESE?̅?π’(TCF)(FF)Pf - ∆𝑃̅̅̅̅ fc/2*Pp – πf[𝐶̅fc/Cf 
*pf – (1̅-?̅?)] 
Ratio: average concentrate-side to feed 









 + (1-R) 
Limiting system recovery YL = 1 - πf(𝑝𝑓̅̅̅̅ )(R)/Pf - ∆𝑃̅̅̅̅ fc - Pp 
Approximate log-mean concentrate-side to 
feed concentration ratio for system 
Cfc/Cf]YL,R=1 = -ln(1-Y)1/n/Y 
Average element recovery Yi = 1 – (1-Y)1/n 
Average polarization factor  𝑝𝑓̅̅̅̅ =EXP[0.7?̅?i 
Average concentrate-side osmotic pressure 
for system 
?̅? = πi(𝐶̅fc/Cf) 𝑝𝑓̅̅̅̅  
Average concentrate-side system pressure 
drop for FILMTEC 8-inch elements; 2 stages 
 
Individual FILMTEC 8-inch element, or single-
stage concentrate-side pressure drop 
∆𝑃̅̅̅̅ fc = 0.04?̅?fc2 
 
∆Pfc = [0.1(Q/1440)/YNv2](1/Nvr + 1-Y) 
 
 
∆Pfc = 0.01n?̅?fc1.7 
 
FILMTEC membrane permeability as a 
function of average concentrate-side osmotic 
pressure 
?̅?(?̅?) = 0.125; ?̅? ≤ 25 
 
?̅?(?̅?) = 0.125 – 0.011(?̅? – 25/35); 25 ≤ ?̅? ≤ 200 
 
?̅?(?̅?) = 0.07 – 0.0001(?̅? – 200); 200 ≤ ?̅? ≤ 400 
Permeate concentration Cp = BCfc𝑝𝑓̅̅̅̅ (TCF)(NESE/Q) 
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Below, figure 18, shows the symbol definitions involved in the equations 
outlined above in figure 16 and figure 17 
Qi = permeate flow of Element i (gpd) ∑ =𝑗  summation of all ionic species 
Ai π’I = membrane permeability at 25° for 
Element i, a function of the average 
concentrate-side osmotic pressure 
(gfd/psi) 
Y = system recovery (expressed as a 
fraction) = permeate flow/feed flow 
SE = membrane surface area per element 
(ft 2) 
∏ =𝑛𝑖=1  multiplication of n terms in a series 
TCF = temperature correction factor for 
membrane permeability 
 n = number of elements in series 
FF = membrane fouling factor Q = system permeate flow (gpd) 
Pfi = feed pressure of Element i (psi) NE = number of elements in system  
∆Pfci = concentrate-side pressure drop for 
Element i (psi) 
Qi = average element permeate flow (gpd) 
= Q/NE 
Ppi = permeate pressure of Element i (psi) ?̅?π = average membrane permeability at 
25°C: a function of the average 
concentrate-side osmotic pressure 
(gfd/psi) 
 π’i = average concentrate-side osmotic 
pressure (psi) 
𝐶̅fc = average concentrate-side 
concentration for system (ppm) 
 πfi = feed osmotic pressure of Element i ?̅? = average fractional salt rejection for 
system 
πpi = permeate-side osmotic pressure of 
Element i (psi) 
?̅? = average concentrate-side osmotic 
pressure for system (psi) 
pfi = concentration polarization factor for 
Element i 
∆𝑃̅̅̅̅ fc = average concentrate-side system 
pressure drop (psi) 
Ri = salt rejection fraction for Element i 
= feed conc – perm conc / feed conc 
YL = limiting (maximum) system recovery 
(expressed as a fraction) 
Cfci = average concentrate-side 
concentration for Element i (ppm) 
 ?̅?i = average element recovery (expressed 
as a fraction) 
Cfi = feed concentration for Element i 
(ppm) 
𝑝𝑓̅̅̅̅  = average concentration polarization 
factor 
Cci = concentrate concentration for 
Element i (ppm) 
?̅?fc = arithmetic average concentrate-side 
flow rate (gpm) (=1/2(feed flow + 
concentrate flow) 
Yi = recovery fraction for Element i 
= permeate flow / feed flow 
NV = number of six-element pressure 
vessels in system (≈ NE/6) 
πf = treated feed water osmotic pressure 
(psi) 
NV1 = number of pressure vessels in first 
stage of 2-stage system (≈ 1/3 NV) 
T = feed water temperature (°C) NV2 = number of pressure vessels in second 
stage of 2-stage system (≈ NV/3) 
 mj = molal concentration of jth ion species NVR = stage ratio (=NVI/NV2) 
 
Figure 18: Symbol definitions for individual element performance 
equations and average system performance equations 
(DOWCOM 2015) 
 
       
November 2015 Page 50 
 
 
6. CONCLUSION AND RECOMMENDATIONS 
This document provides guidance in options available should the need to 
implement changes to the current salinity management of Champion Lakes arise 
in the near future. The main findings are as follows: 
1) The ability to reduce salinity and limit the chance of biological 
contamination is the main aim of a system for Champion Lakes.  
2) Financial constraints limited the ability for large scale testing. 
3) A multi-criteria assessment is only one decision making tool and may not 
provide an adequate reflection of stakeholder’s thoughts without a 
thorough survey being conducted. 
4) Reverse Osmosis for the purpose of this report appears to be the best 
option for implementation at Champion Lakes. 
 
Local companies could be contacted in order to better understand similar 
systems operating in the state or region. The large number of mining operations 
currently underway in Western Australia would suggest that many systems have 
been tried and testing in harsh environmental conditions. Because of this 
confidence levels would be high with regards to expected performance.   
 
One major consideration of the implementation of an RO system is the brine 
disposal. This may prove to increase the cost of the system as well as have a 
negative environmental impact if the brine stream is not disposed of in a suitable 
fashion. Disposal into the ocean or Swan River may be options for consideration. 
Studies conducted by Hasnain and Alajlan proposed the use of solar still to 
process brine water taken from a reverse osmosis plant in Saudi Arabia. A 
configuration similar to that proposed by Hasain and Alajlan would involve a 
large capital cost which may not be appealing to the corporations or individuals 
involved in funding the project. Further investigation would have to be 
undertaken to assess the best option for brine disposal from any RO system 
implemented at CLRC. 
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Because nature is not static, and the behavior and actions of humans is very 
dynamic, the effectiveness of any process put in place must be monitored and 
adapted over time to ensure its effectiveness continues (Cooke et al. 2005) 
 
Options for powering the pump system may be researched in order to maximize 
energy recovery and reduce environmental impacts as well as reduce ongoing 
costs associated with the operation of the RO system.  
 
6.1 REPORT LIMITATIONS 
The greatest limitation to this report was the lack of time involved in the 
generation of this plan. A more thorough analysis of available options and 
processes may have resulted in an alternate option being proposed. As briefly 
discussed earlier, the weighting system for the option selection matrix is very 
dependent on individual interpretation. With a more thorough investigation, a 
survey of stakeholders may have been conducted in order to more accurately 
weight the importance of each factor prior to constructing a decision matrix. The 
exact qualities with regards to the factors outlined would have to be further 
understood for each process proposed and this would require an enormous 
amount of time which was not realistic for the purpose of this report.  
Large scale testing was not financially viable for the purpose of this report which 
did not allow for conclusive findings into lake water quality expectations post 
treatment. Any suggestions put forward are based on results obtained by 
previous studies and the results are used in a hypothetical fashion to attempt to 
suggest results which may be seen if the systems were implemented in the CLRC. 
Anything suggested herein will serve as an appendix to an annual report 
prepared by Element Hydrographic Solutions as part of ongoing work between 
the company and the Regatta Center. Laboratory testing of lake water for 
elements specific to the Lenntech online osmotic pressure calculator was not 
conducted due to the expense required to obtain specific results. Should 
suggestions made in this report be researched further, laboratory analysis may 
be undertaken in order to better design a system for implementation.  
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8. APPENDICES  
Appendix A – Recreational waters bacterial (Enterococci) sampling program  
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Appendix C – Field observation form for recreational water sampling 
 




       




(Health WA sampling program)  
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Appendix D – Standard microbiological water sampling technique 
 
(Health WA sampling program)  
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Appendix E – Tips and reminders for collecting environmental bacterial water 
samples 
 
       







       
November 2015 Page 70 
 
Appendix F – Response procedure for elevated Enterococci values in 
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Appendix G – VenuesWest expenditure outlines 
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Appendix K – Confirmed Enterococci results 
Collection 
Date 
Site Code Site Description Result Test definition Unit 
03/06/2011 AR3/016 Main Lake - Start 500 Confirmed Enterococci MPN/100 mL 
01/03/2013 AR3/016 Main Lake - Start 200 Confirmed Enterococci MPN/100 mL 
02/04/2013 AR3/016 Main Lake - Start 220 Confirmed Enterococci MPN/100 mL 
02/05/2013 AR3/016 Main Lake - Start 3400 Confirmed Enterococci MPN/100 mL 
07/05/2013 AR3/016 Main Lake - Start 210 Confirmed Enterococci MPN/100 mL 
14/05/2013 AR3/016 Main Lake - Start 220 Confirmed Enterococci MPN/100 mL 
30/05/2013 AR3/016 Main Lake - Start 2000 Confirmed Enterococci MPN/100 mL 
06/08/2013 AR3/016 Main Lake - Start 200 Confirmed Enterococci MPN/100 mL 
03/02/2014 AR3/016 Main Lake - Start 200 Confirmed Enterococci MPN/100 mL 
01/04/2014 AR3/016 Main Lake - Start 1000 Confirmed Enterococci MPN/100 mL 
29/04/2014 AR3/016 Main Lake - Start 930 Confirmed Enterococci MPN/100 mL 
06/05/2014 AR3/016 Main Lake - Start 370 Confirmed Enterococci MPN/100 mL 
27/05/2014 AR3/016 Main Lake - Start 590 Confirmed Enterococci MPN/100 mL 
03/06/2011 AR3/017 Main Lake 1000M 200 Confirmed Enterococci MPN/100 mL 
02/05/2013 AR3/017 Main Lake 1000M 260 Confirmed Enterococci MPN/100 mL 
03/06/2011 AR3/018 Main Lake Finish 300 Confirmed Enterococci MPN/100 mL 
02/05/2013 AR3/018 Main Lake Finish 150 Confirmed Enterococci MPN/100 mL 
16/04/2010 AR3/019 Warm Up Lake 270 Confirmed Enterococci MPN/100 mL 
03/06/2011 AR3/019 Warm Up Lake 750 Confirmed Enterococci MPN/100 mL 
01/03/2013 AR3/019 Warm Up Lake 230 Confirmed Enterococci MPN/100 mL 
02/05/2013 AR3/019 Warm Up Lake 820 Confirmed Enterococci MPN/100 mL 
30/05/2013 AR3/019 Warm Up Lake 380 Confirmed Enterococci MPN/100 mL 
06/08/2013 AR3/019 Warm Up Lake 350 Confirmed Enterococci MPN/100 mL 
29/04/2014 AR3/019 Warm Up Lake 370 Confirmed Enterococci MPN/100 mL 
27/05/2014 AR3/019 Warm Up Lake 260 Confirmed Enterococci MPN/100 mL 
15/06/2010 AR3/020 Residential Beach A 800 Confirmed Enterococci MPN/100 mL 
17/06/2010 AR3/020 Residential Beach A 220 Confirmed Enterococci MPN/100 mL 
30/11/2010 AR3/020 Residential Beach A 710 Confirmed Enterococci MPN/100 mL 
03/06/2011 AR3/020 Residential Beach A 330 Confirmed Enterococci MPN/100 mL 
02/04/2013 AR3/020 Residential Beach A 220 Confirmed Enterococci MPN/100 mL 
02/05/2013 AR3/020 Residential Beach A 1600 Confirmed Enterococci MPN/100 mL 
07/05/2013 AR3/020 Residential Beach A 500 Confirmed Enterococci MPN/100 mL 
30/05/2013 AR3/020 Residential Beach A 260 Confirmed Enterococci MPN/100 mL 
21/01/2014 AR3/020 Residential Beach A 280 Confirmed Enterococci MPN/100 mL 
29/04/2014 AR3/020 Residential Beach A 750 Confirmed Enterococci MPN/100 mL 
29/01/2010 AR3/021 Public Beach A 200 Confirmed Enterococci MPN/100 mL 
16/04/2010 AR3/021 Public Beach A 380 Confirmed Enterococci MPN/100 mL 
15/06/2010 AR3/021 Public Beach A 2100 Confirmed Enterococci MPN/100 mL 
17/06/2010 AR3/021 Public Beach A 330 Confirmed Enterococci MPN/100 mL 
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13/07/2010 AR3/021 Public Beach A 260 Confirmed Enterococci MPN/100 mL 
11/11/2010 AR3/021 Public Beach A 990 Confirmed Enterococci MPN/100 mL 
22/11/2010 AR3/021 Public Beach A 230 Confirmed Enterococci MPN/100 mL 
03/06/2011 AR3/021 Public Beach A 1100 Confirmed Enterococci MPN/100 mL 
02/05/2013 AR3/021 Public Beach A 430 Confirmed Enterococci MPN/100 mL 
06/08/2013 AR3/021 Public Beach A 620 Confirmed Enterococci MPN/100 mL 
29/01/2010 AR3/022 Public Beach B 310 Confirmed Enterococci MPN/100 mL 
16/04/2010 AR3/022 Public Beach B 260 Confirmed Enterococci MPN/100 mL 
15/06/2010 AR3/022 Public Beach B 3100 Confirmed Enterococci MPN/100 mL 
17/06/2010 AR3/022 Public Beach B 220 Confirmed Enterococci MPN/100 mL 
11/11/2010 AR3/022 Public Beach B 230 Confirmed Enterococci MPN/100 mL 
22/11/2010 AR3/022 Public Beach B 240 Confirmed Enterococci MPN/100 mL 
03/06/2011 AR3/022 Public Beach B 1200 Confirmed Enterococci MPN/100 mL 
02/05/2013 AR3/022 Public Beach B 290 Confirmed Enterococci MPN/100 mL 
06/08/2013 AR3/022 Public Beach B 300 Confirmed Enterococci MPN/100 mL 
03/02/2014 AR3/022 Public Beach B 300 Confirmed Enterococci MPN/100 mL 
27/05/2014 AR3/022 Public Beach B 230 Confirmed Enterococci MPN/100 mL 
01/05/2010 AR3/023 Public Beach C 780 Confirmed Enterococci MPN/100 mL 
13/05/2010 AR3/023 Public Beach C 250 Confirmed Enterococci MPN/100 mL 
15/06/2010 AR3/023 Public Beach C 1600 Confirmed Enterococci MPN/100 mL 
19/10/2010 AR3/023 Public Beach C 930 Confirmed Enterococci MPN/100 mL 
03/06/2011 AR3/023 Public Beach C 1100 Confirmed Enterococci MPN/100 mL 
02/05/2013 AR3/023 Public Beach C 560 Confirmed Enterococci MPN/100 mL 
07/05/2013 AR3/023 Public Beach C 1100 Confirmed Enterococci MPN/100 mL 
30/05/2013 AR3/023 Public Beach C 1700 Confirmed Enterococci MPN/100 mL 
06/08/2013 AR3/023 Public Beach C 450 Confirmed Enterococci MPN/100 mL 
15/06/2010 AR3/024 Residential Beach B 2200 Confirmed Enterococci MPN/100 mL 
11/11/2010 AR3/024 Residential Beach B 280 Confirmed Enterococci MPN/100 mL 
22/11/2010 AR3/024 Residential Beach B 350 Confirmed Enterococci MPN/100 mL 
02/05/2013 AR3/024 Residential Beach B 1400 Confirmed Enterococci MPN/100 mL 
07/05/2013 AR3/024 Residential Beach B 270 Confirmed Enterococci MPN/100 mL 
30/05/2013 AR3/024 Residential Beach B 310 Confirmed Enterococci MPN/100 mL 
21/01/2014 AR3/024 Residential Beach B 440 Confirmed Enterococci MPN/100 mL 
29/04/2014 AR3/024 Residential Beach B 670 Confirmed Enterococci MPN/100 mL 
29/01/2010 AR3/027 AR3/027 350 Confirmed Enterococci MPN/100 mL 
15/06/2010 AR3/027 AR3/027 2800 Confirmed Enterococci MPN/100 mL 
15/12/2010 AR3/027 AR3/027 200 Confirmed Enterococci MPN/100mL 
30/05/2011 AR3/027 AR3/027 300 Confirmed Enterococci MPN/100mL 
01/07/2011 AR3/027 AR3/027 270 Confirmed Enterococci MPN/100mL 
29/07/2011 AR3/027 AR3/027 640 Confirmed Enterococci MPN/100mL 
17/10/2011 AR3/027 AR3/027 480 Confirmed Enterococci MPN/100mL 
02/05/2013 AR3/027 AR3/027 340 Confirmed Enterococci MPN/100mL 
06/08/2013 AR3/027 AR3/027 450 Confirmed Enterococci MPN/100 mL 
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Appendix L – Confirmed Escherichia coli results 
 
Collection Date Site Code Site Description Result Test definition Unit
02/05/2013 AR3/016 Main Lake Start 1000 Escherichia coli CFU/100 mL
07/05/2013 AR3/016 Main Lake Start 720 Escherichia coli CFU/100 mL
14/05/2013 AR3/016 Main Lake Start 380 Escherichia coli CFU/100 mL
30/05/2013 AR3/016 Main Lake Start 1000 Escherichia coli CFU/100 mL
11/06/2013 AR3/016 Main Lake Start 390 Escherichia coli CFU/100 mL
25/06/2013 AR3/016 Main Lake Start 270 Escherichia coli CFU/100 mL
02/05/2013 AR3/017 Main Lake 1000M 330 Escherichia coli CFU/100 mL
02/05/2013 AR3/018 Main Lake Finish 380 Escherichia coli CFU/100 mL
16/04/2013 AR3/019 Warm Up Lake 340 Escherichia coli CFU/100 mL
02/05/2013 AR3/019 Warm Up Lake 530 Escherichia coli CFU/100 mL
30/05/2013 AR3/019 Warm Up Lake 380 Escherichia coli CFU/100 mL
11/06/2013 AR3/019 Warm Up Lake 440 Escherichia coli CFU/100 mL
25/06/2013 AR3/019 Warm Up Lake 350 Escherichia coli CFU/100 mL
06/08/2013 AR3/019 Warm Up Lake 380 Escherichia coli CFU/100 mL
16/04/2013 AR3/020 Residential Beach A 460 Escherichia coli CFU/100 mL
02/05/2013 AR3/020 Residential Beach A 800 Escherichia coli CFU/100 mL
07/05/2013 AR3/020 Residential Beach A 800 Escherichia coli CFU/100 mL
14/05/2013 AR3/020 Residential Beach A 290 Escherichia coli CFU/100 mL
30/05/2013 AR3/020 Residential Beach A 720 Escherichia coli CFU/100 mL
11/06/2013 AR3/020 Residential Beach A 450 Escherichia coli CFU/100 mL
16/04/2013 AR3/021 Public Beach A 410 Escherichia coli CFU/100 mL
02/05/2013 AR3/021 Public Beach A 290 Escherichia coli CFU/100 mL
11/06/2013 AR3/021 Public Beach A 290 Escherichia coli CFU/100 mL
06/08/2013 AR3/021 Public Beach A 350 Escherichia coli CFU/100 mL
16/04/2013 AR3/022 Public Beach B 350 Escherichia coli CFU/100 mL
02/05/2013 AR3/022 Public Beach B 500 Escherichia coli CFU/100 mL
16/04/2013 AR3/023 Public Beach C 460 Escherichia coli CFU/100 mL
02/05/2013 AR3/023 Public Beach C 520 Escherichia coli CFU/100 mL
07/05/2013 AR3/023 Public Beach C 1000 Escherichia coli CFU/100 mL
14/05/2013 AR3/023 Public Beach C 350 Escherichia coli CFU/100 mL
30/05/2013 AR3/023 Public Beach C 700 Escherichia coli CFU/100 mL
06/08/2013 AR3/023 Public Beach C 360 Escherichia coli CFU/100 mL
02/04/2013 AR3/024 Residential Beach B 410 Escherichia coli CFU/100 mL
16/04/2013 AR3/024 Residential Beach B 410 Escherichia coli CFU/100 mL
02/05/2013 AR3/024 Residential Beach B 1000 Escherichia coli CFU/100 mL
07/05/2013 AR3/024 Residential Beach B 400 Escherichia coli CFU/100 mL
14/05/2013 AR3/024 Residential Beach B 430 Escherichia coli CFU/100 mL
30/05/2013 AR3/024 Residential Beach B 420 Escherichia coli CFU/100 mL
11/06/2013 AR3/024 Residential Beach B 450 Escherichia coli CFU/100 mL
16/04/2013 AR3/027 AR3/027 390 Escherichia coli CFU/100 mL
02/05/2013 AR3/027 AR3/027 840 Escherichia coli CFU/100 mL
14/05/2013 AR3/027 AR3/027 320 Escherichia coli CFU/100 mL
06/08/2013 AR3/027 AR3/027 400 Escherichia coli CFU/100 mL
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Appendix M – Confirmed Thermotolerant Coliforms results 
 
Collection Date Site Code Site Description Result Test definition Unit
01/03/2013 AR3/016 Main Lake Start 150 Confi rmed Thermotolerant Col i forms CFU/100 mL
01/03/2013 AR3/016 Main Lake Start 150 Confi rmed Thermotolerant Col i forms CFU/100 mL
18/03/2013 AR3/016 Main Lake Start 150 Confi rmed Thermotolerant Col i forms CFU/100 mL
18/03/2013 AR3/016 Main Lake Start 150 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/04/2013 AR3/016 Main Lake Start 280 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/04/2013 AR3/016 Main Lake Start 280 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/05/2013 AR3/016 Main Lake Start 1000 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/05/2013 AR3/016 Main Lake Start 1000 Confi rmed Thermotolerant Col i forms CFU/100 mL
07/05/2013 AR3/016 Main Lake Start 720 Confi rmed Thermotolerant Col i forms CFU/100 mL
07/05/2013 AR3/016 Main Lake Start 720 Confi rmed Thermotolerant Col i forms CFU/100 mL
14/05/2013 AR3/016 Main Lake Start 380 Confi rmed Thermotolerant Col i forms CFU/100 mL
14/05/2013 AR3/016 Main Lake Start 380 Confi rmed Thermotolerant Col i forms CFU/100 mL
30/05/2013 AR3/016 Main Lake Start 1000 Confi rmed Thermotolerant Col i forms CFU/100 mL
30/05/2013 AR3/016 Main Lake Start 1000 Confi rmed Thermotolerant Col i forms CFU/100 mL
11/06/2013 AR3/016 Main Lake Start 390 Confi rmed Thermotolerant Col i forms CFU/100 mL
11/06/2013 AR3/016 Main Lake Start 390 Confi rmed Thermotolerant Col i forms CFU/100 mL
25/06/2013 AR3/016 Main Lake Start 450 Confi rmed Thermotolerant Col i forms CFU/100 mL
25/06/2013 AR3/016 Main Lake Start 450 Confi rmed Thermotolerant Col i forms CFU/100 mL
06/08/2013 AR3/016 Main Lake Start 310 Confi rmed Thermotolerant Col i forms CFU/100 mL
06/08/2013 AR3/016 Main Lake Start 310 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/04/2013 AR3/017 Main Lake 1000M 220 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/04/2013 AR3/017 Main Lake 1000M 220 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/05/2013 AR3/017 Main Lake 1000M 550 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/05/2013 AR3/017 Main Lake 1000M 550 Confi rmed Thermotolerant Col i forms CFU/100 mL
07/05/2013 AR3/017 Main Lake 1000M 330 Confi rmed Thermotolerant Col i forms CFU/100 mL
07/05/2013 AR3/017 Main Lake 1000M 330 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/05/2013 AR3/018 Main Lake Finish 380 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/05/2013 AR3/018 Main Lake Finish 380 Confi rmed Thermotolerant Col i forms CFU/100 mL
17/09/2012 AR3/019 Warm Up Lake 210 Confi rmed Thermotolerant Col i forms CFU/100 mL
17/09/2012 AR3/019 Warm Up Lake 210 Confi rmed Thermotolerant Col i forms CFU/100 mL
16/04/2013 AR3/019 Warm Up Lake 420 Confi rmed Thermotolerant Col i forms CFU/100 mL
16/04/2013 AR3/019 Warm Up Lake 420 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/05/2013 AR3/019 Warm Up Lake 880 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/05/2013 AR3/019 Warm Up Lake 880 Confi rmed Thermotolerant Col i forms CFU/100 mL
07/05/2013 AR3/019 Warm Up Lake 280 Confi rmed Thermotolerant Col i forms CFU/100 mL
07/05/2013 AR3/019 Warm Up Lake 280 Confi rmed Thermotolerant Col i forms CFU/100 mL
14/05/2013 AR3/019 Warm Up Lake 190 Confi rmed Thermotolerant Col i forms CFU/100 mL
14/05/2013 AR3/019 Warm Up Lake 190 Confi rmed Thermotolerant Col i forms CFU/100 mL
30/05/2013 AR3/019 Warm Up Lake 480 Confi rmed Thermotolerant Col i forms CFU/100 mL
30/05/2013 AR3/019 Warm Up Lake 480 Confi rmed Thermotolerant Col i forms CFU/100 mL
11/06/2013 AR3/019 Warm Up Lake 550 Confi rmed Thermotolerant Col i forms CFU/100 mL
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11/06/2013 AR3/019 Warm Up Lake 550 Confi rmed Thermotolerant Col i forms CFU/100 mL
25/06/2013 AR3/019 Warm Up Lake 580 Confi rmed Thermotolerant Col i forms CFU/100 mL
25/06/2013 AR3/019 Warm Up Lake 580 Confi rmed Thermotolerant Col i forms CFU/100 mL
06/08/2013 AR3/019 Warm Up Lake 380 Confi rmed Thermotolerant Col i forms CFU/100 mL
06/08/2013 AR3/019 Warm Up Lake 380 Confi rmed Thermotolerant Col i forms CFU/100 mL
01/03/2013 AR3/020 Res identia l  Beach A 200 Confi rmed Thermotolerant Col i forms CFU/100 mL
01/03/2013 AR3/020 Res identia l  Beach A 200 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/04/2013 AR3/020 Res identia l  Beach A 420 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/04/2013 AR3/020 Res identia l  Beach A 420 Confi rmed Thermotolerant Col i forms CFU/100 mL
16/04/2013 AR3/020 Res identia l  Beach A 460 Confi rmed Thermotolerant Col i forms CFU/100 mL
16/04/2013 AR3/020 Res identia l  Beach A 460 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/05/2013 AR3/020 Res identia l  Beach A 1000 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/05/2013 AR3/020 Res identia l  Beach A 1000 Confi rmed Thermotolerant Col i forms CFU/100 mL
07/05/2013 AR3/020 Res identia l  Beach A 1000 Confi rmed Thermotolerant Col i forms CFU/100 mL
07/05/2013 AR3/020 Res identia l  Beach A 1000 Confi rmed Thermotolerant Col i forms CFU/100 mL
14/05/2013 AR3/020 Res identia l  Beach A 360 Confi rmed Thermotolerant Col i forms CFU/100 mL
14/05/2013 AR3/020 Res identia l  Beach A 360 Confi rmed Thermotolerant Col i forms CFU/100 mL
30/05/2013 AR3/020 Res identia l  Beach A 720 Confi rmed Thermotolerant Col i forms CFU/100 mL
30/05/2013 AR3/020 Res identia l  Beach A 720 Confi rmed Thermotolerant Col i forms CFU/100 mL
11/06/2013 AR3/020 Res identia l  Beach A 450 Confi rmed Thermotolerant Col i forms CFU/100 mL
11/06/2013 AR3/020 Res identia l  Beach A 450 Confi rmed Thermotolerant Col i forms CFU/100 mL
16/04/2013 AR3/021 Publ ic Beach A 410 Confi rmed Thermotolerant Col i forms CFU/100 mL
16/04/2013 AR3/021 Publ ic Beach A 410 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/05/2013 AR3/021 Publ ic Beach A 720 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/05/2013 AR3/021 Publ ic Beach A 720 Confi rmed Thermotolerant Col i forms CFU/100 mL
07/05/2013 AR3/021 Publ ic Beach A 210 Confi rmed Thermotolerant Col i forms CFU/100 mL
07/05/2013 AR3/021 Publ ic Beach A 210 Confi rmed Thermotolerant Col i forms CFU/100 mL
14/05/2013 AR3/021 Publ ic Beach A 240 Confi rmed Thermotolerant Col i forms CFU/100 mL
14/05/2013 AR3/021 Publ ic Beach A 240 Confi rmed Thermotolerant Col i forms CFU/100 mL
11/06/2013 AR3/021 Publ ic Beach A 360 Confi rmed Thermotolerant Col i forms CFU/100 mL
11/06/2013 AR3/021 Publ ic Beach A 360 Confi rmed Thermotolerant Col i forms CFU/100 mL
06/08/2013 AR3/021 Publ ic Beach A 580 Confi rmed Thermotolerant Col i forms CFU/100 mL
06/08/2013 AR3/021 Publ ic Beach A 580 Confi rmed Thermotolerant Col i forms CFU/100 mL
16/04/2013 AR3/022 Publ ic Beach B 350 Confi rmed Thermotolerant Col i forms CFU/100 mL
16/04/2013 AR3/022 Publ ic Beach B 350 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/05/2013 AR3/022 Publ ic Beach B 500 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/05/2013 AR3/022 Publ ic Beach B 500 Confi rmed Thermotolerant Col i forms CFU/100 mL
07/05/2013 AR3/022 Publ ic Beach B 200 Confi rmed Thermotolerant Col i forms CFU/100 mL
07/05/2013 AR3/022 Publ ic Beach B 200 Confi rmed Thermotolerant Col i forms CFU/100 mL
14/05/2013 AR3/022 Publ ic Beach B 190 Confi rmed Thermotolerant Col i forms CFU/100 mL
14/05/2013 AR3/022 Publ ic Beach B 190 Confi rmed Thermotolerant Col i forms CFU/100 mL
30/05/2013 AR3/022 Publ ic Beach B 310 Confi rmed Thermotolerant Col i forms CFU/100 mL
       






30/05/2013 AR3/022 Publ ic Beach B 310 Confi rmed Thermotolerant Col i forms CFU/100 mL
11/06/2013 AR3/022 Publ ic Beach B 280 Confi rmed Thermotolerant Col i forms CFU/100 mL
11/06/2013 AR3/022 Publ ic Beach B 280 Confi rmed Thermotolerant Col i forms CFU/100 mL
16/04/2013 AR3/023 Publ ic Beach C 570 Confi rmed Thermotolerant Col i forms CFU/100 mL
16/04/2013 AR3/023 Publ ic Beach C 570 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/05/2013 AR3/023 Publ ic Beach C 860 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/05/2013 AR3/023 Publ ic Beach C 860 Confi rmed Thermotolerant Col i forms CFU/100 mL
07/05/2013 AR3/023 Publ ic Beach C 1000 Confi rmed Thermotolerant Col i forms CFU/100 mL
07/05/2013 AR3/023 Publ ic Beach C 1000 Confi rmed Thermotolerant Col i forms CFU/100 mL
14/05/2013 AR3/023 Publ ic Beach C 350 Confi rmed Thermotolerant Col i forms CFU/100 mL
14/05/2013 AR3/023 Publ ic Beach C 350 Confi rmed Thermotolerant Col i forms CFU/100 mL
30/05/2013 AR3/023 Publ ic Beach C 700 Confi rmed Thermotolerant Col i forms CFU/100 mL
30/05/2013 AR3/023 Publ ic Beach C 700 Confi rmed Thermotolerant Col i forms CFU/100 mL
11/06/2013 AR3/023 Publ ic Beach C 360 Confi rmed Thermotolerant Col i forms CFU/100 mL
11/06/2013 AR3/023 Publ ic Beach C 360 Confi rmed Thermotolerant Col i forms CFU/100 mL
06/08/2013 AR3/023 Publ ic Beach C 600 Confi rmed Thermotolerant Col i forms CFU/100 mL
06/08/2013 AR3/023 Publ ic Beach C 600 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/04/2013 AR3/024 Res identia l  Beach B 510 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/04/2013 AR3/024 Res identia l  Beach B 510 Confi rmed Thermotolerant Col i forms CFU/100 mL
16/04/2013 AR3/024 Res identia l  Beach B 410 Confi rmed Thermotolerant Col i forms CFU/100 mL
16/04/2013 AR3/024 Res identia l  Beach B 410 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/05/2013 AR3/024 Res identia l  Beach B 1000 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/05/2013 AR3/024 Res identia l  Beach B 1000 Confi rmed Thermotolerant Col i forms CFU/100 mL
07/05/2013 AR3/024 Res identia l  Beach B 1000 Confi rmed Thermotolerant Col i forms CFU/100 mL
07/05/2013 AR3/024 Res identia l  Beach B 1000 Confi rmed Thermotolerant Col i forms CFU/100 mL
14/05/2013 AR3/024 Res identia l  Beach B 430 Confi rmed Thermotolerant Col i forms CFU/100 mL
14/05/2013 AR3/024 Res identia l  Beach B 430 Confi rmed Thermotolerant Col i forms CFU/100 mL
30/05/2013 AR3/024 Res identia l  Beach B 700 Confi rmed Thermotolerant Col i forms CFU/100 mL
30/05/2013 AR3/024 Res identia l  Beach B 700 Confi rmed Thermotolerant Col i forms CFU/100 mL
11/06/2013 AR3/024 Res identia l  Beach B 450 Confi rmed Thermotolerant Col i forms CFU/100 mL
11/06/2013 AR3/024 Res identia l  Beach B 450 Confi rmed Thermotolerant Col i forms CFU/100 mL
16/04/2013 AR3/027 AR3/027 390 Confi rmed Thermotolerant Col i forms CFU/100 mL
16/04/2013 AR3/027 AR3/027 390 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/05/2013 AR3/027 AR3/027 840 Confi rmed Thermotolerant Col i forms CFU/100 mL
02/05/2013 AR3/027 AR3/027 840 Confi rmed Thermotolerant Col i forms CFU/100 mL
07/05/2013 AR3/027 AR3/027 250 Confi rmed Thermotolerant Col i forms CFU/100 mL
07/05/2013 AR3/027 AR3/027 250 Confi rmed Thermotolerant Col i forms CFU/100 mL
14/05/2013 AR3/027 AR3/027 320 Confi rmed Thermotolerant Col i forms CFU/100 mL
14/05/2013 AR3/027 AR3/027 320 Confi rmed Thermotolerant Col i forms CFU/100 mL
11/06/2013 AR3/027 AR3/027 250 Confi rmed Thermotolerant Col i forms CFU/100 mL
11/06/2013 AR3/027 AR3/027 250 Confi rmed Thermotolerant Col i forms CFU/100 mL
06/08/2013 AR3/027 AR3/027 500 Confi rmed Thermotolerant Col i forms CFU/100 mL
06/08/2013 AR3/027 AR3/027 500 Confi rmed Thermotolerant Col i forms CFU/100 mL
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